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ABSTRACT 

m. I ne da ta  obtained from tne sc in t i i i a t ion  c o u n t e r  e x p e r i m e n t  

a n d  t h e  s e a r c h  coil m a g n e t o m e t e r  e x p e r i m e n t s  on the  E x p l o r e r  VI 

satellite are p r e s e n t e d  g raph ica l ly ,  A compend ium of d a t a  on  the  

f ie ld  magni tude  and p h a s e  ang le  is included.  

of va lue  to s c i e n t i s t s  s tudying  t h e  p r o p e r t i e s  of the  e x o s p h e r e  i n  

the  p e r i o d  of August  7 and Oc tobe r  6, 1959. 

Such da ta  should  b e  
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CHAPTER I 

A COMPENDIUM OF DATA OBTAINED FROM THE SCINTILLATION 
COUNTER EXPERIMENT ON THE EXPLORER VI SATELLITE 

Alan Rosen 



PART A .  INTRODUCTION 

The graphs i n  P a r t  B represent  a major f r a c t i o n  of t h e  data 

obtained from t h e  Explorer V I  S c i n t i l l a t i o n  Counter during t h e  months 

of August and September 1959. 

A t  t h e  bottom of each i s  a nomograph giving t h e  geomagnetic l a t i t u d e  

and radial d i s t ance  assoc ia ted  with t h e  p l o t t e d  count rate a t  any 

i n s t a n t  of t ime.  These count r a t e s  have been cor rec ted  f o r  t h e  

s a t u r a t i o n  e f f e c t  inherent  i n  t h e  s c i n t i l l a t i o n  counter .  The 

following i s  a desc r ip t ion  of t he  instrument and i t s  e f f i c i e n c y  

f o r  de t ec t ion  of var ious p a r t i c l e s .  

The graphs a re  ordered chronologica l ly .  

INSTRUMENTATION 

The d e t e c t o r  used i n  t h i s  experiment cons is ted  of a c y l i n d r i c a l  

p l a s t i c  s c i n t i l l a t o r ,  approximately one inch i n  diameter and one- 

quar te r  inch th i ck ,  cemented t o  a Dumont 6467 photomul t ip l ie r  t ube .  

The output pu lses  of t h e  photomult ipl ier  were amplifed and fed  i n t o  

a binary r e g i s t e r  having a c a p a c i t y o f  2 p u l s e s .  Voltages represent -  

ing t h e  s t a t e  (on o r  o f f )  of t h e  n in th ,  four teenth ,  and twent ie th  

b i n a r i e s  were added and used t o  modulate a subca r r i e r  o s c i l l a t o r ,  so 

t h a t  t r a n s i t i o n s  between t h e  states of these  b i n a r i e s  could ue used 

t o  determine t h e  counting r a t e .  

fed i n t o  a d i g i t a l  r e g i s t e r  whose contents were broadcast  i n  d i g i t a l  

form by a second t r a n s m i t t e r .  

I 

20 

The output of the  2x> binary  w a s  a l s o  

The de tec to r  w a s  covered with a f o i l  having a th ickness  of 
2 3.3 mg/cm . 

l o s ing  100 kev or  more of energy i n  t h e  s c i n t i l l a t o r ;  t h i s  b i a s  w a s  

An e l ec t ron ic  b i a s  w a s  used i n  order  t o  count only p a r t i c l e s  
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adjusted by using the 624 kev electron conversion peak of Cs137 as 

an energy standard. This instrument, mounted inside the shell of the 

satellite, responded to radiation penetrating a 5.3 mg/cm2 foil-covered 

window, and to more energetic particles passing through the payload 

shell. The minimum energy detectable, determined by the foil thick- 

ness, the permitted angle of penetration of the foils, and the elec- 

tronic bias of 100 kev, was 200 kev for electrons and 2 MeV for protons. 

* 
The omnidirectional geometrical factor of +.his instrument for the 

direct observation of electrons and protons was estimated from geo- 

metrical considerations to be approximately 2 x 

kev electrons and 2 to 10 MeV protons. Five hundred kev electrons and 

cm2 for 200 to 500 

10 Mev protons could just penetrate the shell and be detected, and at 

these energies the omnidirectional geometrical factor was estimated to 

be 4 x 10 

of 3.5 cm 

-2 2 

2 
cm . The gametrical factor rose slowly to a maximum value 

for very penetrating particles. 

The saturation characteristic of the entire detector system, includ- 

ing flight power supply and all flight electronics, was determined before 

the satellite was launched by tests made on the actual flight instrument. 

"he results of this test are shown in Figure 1. A one millicurie source 

W e  omnidirectional geometrical factor G, which depends on the counter 
surface area and the solid angle through which radiation can reach the 
counter, is defined by EG = R/J. 
the detector and J, the omnidirectional intensity of isotropic radiation, 
is the flux per unit time of particles from all directions through a 
sphere of unit cross-sectional s e a  (J is measured in cmm2 sec-l) . 
E, the detection efficiency for the radiation in question, is assumed 
to be 100 percent for electrons and protons. 

R is the corrected counting rate of 
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of Srgo was used for this test, and the incident intensity was increased 

by decreasing the source to detector distance. 

continued to rise slowly, even for very high incident intensities, be- 

cause the potential across the later dynode resistors of the photomul- 

tiplier dropped, the output pulse height and width decreased, and a higher 

count rate could be handled by the succeeding electronic circuitry. 

The observed coun t  rate 

The scintillation counter was relatively insensitive to bremsstrah- 

lung, and the counting rate of this instrument due to electrons of a 

given energy must considerably exceed the count.rate due to bremsstrah- 

lung from electrons at the same incident energy. 

action of importance in a plastic scintillator is the Compton interaction, 

and because of the electrmic bias of 100 kev, the theoretical threshold 

for photon detection was about 220 kev. Electrons having energies below 

the threshold could not produce bremsstrahlung which would be registered 

by the detector. 

for detection of photons above 220 kev, and because electrons having 

energies of several hundred kev have a small probability of producing 

220 kev photons, the instrument responded principally to direct electrons 

at all energies. 

The only photon inter- 

Because a plastic scintillator has a low efficiency 

The calculated estimates of the efficiency and geometrical factor 

for bremsstrahlung detection were confirmed by measurements after 

Explorer VI was launched on a similar instrument with the same bias level. 

An entire payload, identical to Explorer VI, was subjected to an elec- 

tron bombardment at the High Voltage Engineering Corporation in order to 
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measure t h e  response of t h e  various r ad ia t ion  instruments  t o  e l ec -  

t r o n s  a t  1 MeV, and t o  bremsstrahlung from monoenergetic e l ec t rons  

at 500 kev, 350 kev and 250 kev. A t  1 MeV t h e  e l ec t rons  were per -  

mi t ted  t o  s t r i k e  t h e  payload d i r e c t l y ,  while a t  500 kev, 350 kev, 

and 250 kev, t h e  e l ec t ron  beam was  absorbed i n  an aluminum p l a t e  placed 

near  t h e  payload allowing only bremsstrahlung t o  reach t h e  s a t e l l i t e .  

The bombardment w a s  made from a va r i e ty  of d i r e c t i o n s ,  and t h e  response 

was in t eg ra t ed  over t h e  surface of t h e  payload t o  measure t h e  product 

t.G f o r  each of t hese  energ ies .  These measurements represent  t h e  brem- 

ss t rah lung  e f f i c i ency  even at 1 MeV, f o r  t h e  s c i n t i l l a t i o n  counter  was  

never d i r e c t l y  i n  t h e  r a t h e r  narrow e lec t ron  beam. These r e s u l t s  are 

shown i n  Figure 2 toge ther  w i t h  t he  estimated geometrical  f a c t o r s  f o r  

d i r e c t  de t ec t ion  of e l ec t rons .  The t o t a l  response of t h e  de t ec to r  f o r  

measurement of e l ec t ron  f l u x  i s  t h e  sum of t h e s e  two curves,  and i s  a l s o  

shown i n  t h e  Figure.  It i s  t h i s  t o t a l  response curve which must be used 

t o  i n t e r p r e t  t h e  counting r a t e  of t h e  instrument i n  o r b i t .  

The graphs represent ing  t h e  Compendium of data a r e  labe led  

with a pass  number. 

s a t e l l i t e  around t h e  e a r t h  numbered consecutively from the  launch d a t e .  

A s  t he  s a t e l l i t e  t r a v e r s e s  through one complete revolu t ion  around t h e  

ea r th ,  the  following c h a r a c t e r i s t i c s  i n  t h e  observed count r a t e  emerge. 

AS t h e  s a t e l l i t e  goes fmm perigee t o  apogee, it t r a v e r s e s  t h e  h e a r t  

of t h e  r a d i a t i o n  zones and t h e  peaks,exemplified by t h e  f i r s t  compendium 

f igu re , a re  observed. A t  apogee, as the  s a t e l l i t e  begins i t s  r e t u r n  pass ,  

t h e  count r a t e  i s  low. 

This represents  the number of revolu t ions  of t h e  

Furthermore, the s a t e l l i t e  i s  a t  high enough 
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l a t i t u d e s  t h a t  i n  going f r o m  4&00 t o  approximately 15,000 km, it i s  

e s s e n t i a l l y  outs ide  of t h e  intense regions of t he  r a d i a t i o n  b e l t ,  and 

a low count r a t e  i s  general ly  observed 

dium f i g u r e  represent ing t h e  re turn  port ion of pass  4 ) .  

below 15,000 kilometers,  as t h e  s a t e l l i t e  approached per igee,  it 

grazes t h e  high l a t i t u d e  edge of t h e  outer zone and 8 por t ion  of t h e  

inner  zone, and a peak i n  the  count rate corresponding t o  t h a t  t r a v e r -  

sal may be observed 

( e . g .  see the  f i f t h  compen- 

A t  a l t i t u d e s  

( s e e  t h e  last sect ion of pass  12 f o r  example). 
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Ifit r oduc t i op. 

The graphs on the  following pages represent a l l  the  avai lable  magnetic 

f i e l d  data obtained by the  Explorer V I  search c o i l  magnetometer. The search 

c o i l  magnetometer and phase comparator (or magnetic f i e l d  aspect ind ica tor )  

measured two parameters of the ex t r a t e r r e s t r i a l  f i e l d  designated BL and $6. 

These parameters a re  defined, and the  magnetometer described, i n  various 

publications (1). The data compilation consists of l i nea r  graphs of the  phase 

angle, 8, and semi-log p lo t s  of the  perpendicular f i e l d  component, BL, w i t h  

universal time ( i . e .  GMT) as abscissa.  

TWO t.ypps of aata appear iz thft f igares :  (a) ~ y a l c g  6ata de~j--~-e; f r ~ x  

frequency modulated s ignals  representing the output voltages of the search 

co i l  magnetometer, and ( b )  Digi ta l  data derived from binary numbers obtained 

by d i g i t a l  conversion of t.he magnetometer voltages on the  spacecraft  ( 2 ) .  

I n  t h e  graphs the d i g i t a l  data normally appear as a sequence of v e r t i c a l  

l i n e s  ( o r  rectangles)  whose length gives the uncertair-ty of t h e  measurement 

caused by +>he f i n i t e  width of the d i g i t a l  "windows". There i s  subs tan t ia l ly  

less d i g i t a l  data than analog data. Digital  data transmissions were commanded 

per iodical ly  from the  ground whi l e  the  analog, FM tzansmissions were continuous 

However, there  a re  gaps i n  the analog data when co ground s t a t ions  received 

>. 

the transmissions or when the qua l i ty  of t h e  demodulated data w a s  poor I 

I n  addi t ion t o  the magnetometer d a t a ,  the graphs contain curves representing 

theore t ica l  values of BL and fl, ca l led  GI and $6,. 

coeff ic ient ,  spherical  harmonic expansion of the  geomagnetic f i e l d  ( 3 ) .  The 

mathematical formulae used t o  derive these quant i t ies  a r e  given i n  the  appendix. 

These are based on an 8 

* 
giving the  same binary number,and time duration, respect ively.  
t r i ang le s  a r e  de f in i t e  values corresponding t o  t r ans i t i ons  between binary 
numbers. 

Horizontal and v e r t i c a l  dimensions of rectangles represent range of values 
Centers of 
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The values of BL and fl depend on the  spacecraft. spin ax is  or ientat ion.  

phew angle data near t he  e a r t h  were compared with phase angles computed f o r  a 

s e t  of spin ax is  direct ions ly ing  on cones whose common axis  w a s  t he  nominal 

or ientat ion.  The spin ax is  or ien ta t ion  giving the  most, consistent agreement 

w a s  used t o  compute the  f i n a l  values of BL and #. 

geomagnetic f i e l d  vector, G, i s  a l s o  p lo t ted .  

The 

The magnitude of the  

The values of the  magnetometer output voltage representing B, may be i n  

e r ro r  by  several  percent a f t e r  demodulation ( 2 t o  546 ) .  

quasi-logarithmic search c o i l  amplif ier  cha rac t e r i s t i c  (automatic gain cont,rol) 

the  absolute e r ro r s  a t  r a d i a l  distances below 3 or so ea r th  r a d i i  can be la rge  

(see figure 1). 

between ?he analog and a i g i t a l  values of BLo 

i n  any way, appear i n  t,he graphs. 

Because of the  

There i s  a l s o  a consistent difference of several  percent 

The reduced data, umorrected 

The values of # shown ir, the following graphs may ir-volve xaximum e r ro r s  

of 2 t o  3$- 

of $dj the corresponding e r ro r s  i n  +,he phase angle a re  approximately 10 degrees. 

The  reduced data  have been adjusted by adding or  subtract ing a COnStEiPT angle 

t o  make @ agree w i t h  # near perigee passage (act.ually 7000 t o  20J 000 km, i e .  

along one or  both branches of the N-shaped theo re t i ca l  curve) f o r  each o r b i t a l  

rotat ion.  T h i s  technique uses the data obtained near tke earth, where the  

direction of %he e x t r a t e r r e s t r i a l  f i e l d  must be e s sen t i a l ly  the same as t h e  

direc+,ion of trhe unper-rurbed geomagnetic f i e l d  within the  resolut ion of the 

experiment, t o  check and correct  the  phase angle data. Note t h a t  the  range of 

angles measured w a s  t he  same a t  la rge  geocentric distances and near t he  ear th .  

The agreement between # and flG below 20,000 km on a given pass w a s  obtained by 

merely adding or  subtract ing a -onstant angle, &. & varied, however, from 

Since the  phase comparator output voltage i s  a nearly l i n e a r  function 

G 
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one pass t o  another. 

Comparison of data received simd taneously at two ground s t a t ions  has shown 

tha t  maximum differences of 2 t o  3% did  occur occasionally. 

must be associar,ed with e r ro r s  i n  the demodulation equipment at the  ground 

s t a t ions  arrd perhaps i n  the  laboratory at, STL. 

The s m c  A@ w a s  subtracted from all data f s r  a given pass.  

Such differences 

To .inaly/zc a:td i n t e rp re t  fne magnetometer data, it; i s  e s sec t i a l  t o  

know t h e  spat la1 pos i t ion  of the  Explorer V I  when the measurements were ob+,ained. 

The  plo;.,s or' BI a d  @ coctain some t.raject,ory information. 

ind icz-sz  wherz ?he Explorer V I  w a s  20,000, 30,000, 40,000 and 48,800 kilometers 

The times are 

- from - ear? n ' s  ce??,er. "he phase data also corifain a marker which indicates  

TJ~F-Q r'ce spacecraft, crossed the  geomagnetic equator (*he geomagnetic la t i tude ,  

5.,) equals zero) .  

: cf geograpkic posi t ion using a centered dipole approximaT,ion t o  the  geomagnetic 

f i e l d  ( A ) .  

Tne geomagnetic la t5tude of Explorer V I  w a s  compu%ed from _ _  

Figures 2 aod 3 contain. addi t iocal  information regardicg the  instantaneous - - 
geomagxTic lat,i-r,ude of Explorer V I .  The geomagne+,ic la+it,ude at, radial 

d is ta rces  from 20,000 t o  48,800 km i n  5000 km iniervalc  for ;he outgoing port ion 

of each orbit  i s  shorn-. 6 i s  p lo t ted  separa3ely f o r  --re odd-mmhered and even 

?umbered passes. Thus, fo f i c d  the geoEagr_eCuic la',L-,ude a?, a given +Uime, 

d5iermiv.e t,he r ad ia l  distance and pass number from the plo-r,s of BI acd #, 
arld r e f e r  t o  the appropwiste curve i n  f igure 2 or  3.  

i n  geamag!wtic coordipaies is a l s o  available i n  the S-int , i l lat icn Counter Dzta 

Compendium ( P a r t  B) . For more accurate tsajccxory i&ormation, it w i l l  be 

necessary Lo r e f e r  T O  t a h l a t i o n s  based 03 the Explorer V I  def in i t ive  o r k i t  ( 5 )  

M 

Trajeotory information 

or t o  t6kulations of the  magnetic parameters (GI, #G.? 'M> AM)' These 

tabulstions a r e  s?,ored a', STL, 
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Another parsmeter tha t  may be important it? a r a lys i s  and  in te rpre td t ion  i s  

the  orientat,ion of the spiicecraft w i t h  respect. t o  t he  earth-sun d i rec t ion .  

The angle, A ~ ,  shown i n  f igure  5, i s  the  angle between the project ions of the  

spacecraft-earth direct,ion and earth-sun direct , ion onto %he geographic 

equatorial  plane 

i s  shown as a funct,ion of pass number. 

The sun-earth-spacecraft angle a t  20j  000 and 48,800 km 
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FIGURE CAPTIONS 

3gure 1. Search Coil Magnetometer Sensitivity 

This figure is actually a form of calibration curve for the 

search coil magnetometer. 

fictitious trajectory which crudely approximates the outgoing portion 

of the Explorer VI orbit. Figures at the top of the graph refer to the 

magnetometer output voltage, given in terms of percent of full scale. 

The vertical lines spaced along the curve indicate (a) the field Jalue 

corresponding to a given output level (i .e., the intersection between 

the vertical line and the curve) and (b) the range of field values 

corresponding to a range of one or more percent in the output level. 

A difference of 1 percent may represent several hundred gamma in an 

ambient field of several thousand gamma but only a few gemma in a 100 

g a m  field. 

B is plotted against radial distance for a 
J 

Figure 2 -  Exp lorer VI Geomagnetic Latitude: Odd-numbered Passes 

The geomagnetic latitude 

altitudes of 20, 25, 30, 35, h, 45, 

portion of odd-num%ered orbits. 

Figure 3 .  Explorer VI Geomagnetic 

is shown when the spacecraft was at 

and 48.8 .IO krn on the outgoing 3 

atitude: Even-numbered Passes 

The geomagnetic latitude of Ekplorer VI on the outgoing por- 

tion of even-numbered orbits is shown with the radial distance as a parameter. 

Figure 4. Sun-Earth-Spacecraft Angle 

This angle is defined in the  discussion of the magnetic storm 

observations included in this report. ( 6 )  

vector and Ekplorer VI radius vector onto the geographic equatorial plane 

form the angle, As. 

function of orbit number. 

The projections of the earth-sun 

The value of As at x),OOO and 48,800 km is shown as a 
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DATA COMPENDIUM: 

FIELD MAGNITUDE 
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I .  I I I I I 
I O  20 30 40 

GEOCENTRIC DISTANCE ( lo3 KM 1 
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GMT (HOURS) 

2200 0000 0200 0400 0600 
1 1 1 I 1 

EXPLORER VI 

PASS 28 

21 AUGUST 1959 

----GI THEORETICAL 
__G THEORETICAL 
A BLDIGITAL DATA 

I I 1 I I 1 1 
IO 20 30 40 45 48.8 

GEOCENTRIC DISTANCE ( lo3 KM 
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GMT (HOURS) 

m 0200 0400 0600 0800 
I 1 I 1 1 -I B (Y) 

lo4 

lo3 

IO2 

EXPLORER VI 

PASS 30 

23 AUGUST 1959 

----GL THEORETICAL 
4 THEORETICAL 
A BJ. DIGITAL DATA 

GEOCENTRIC DISTANCE ( lo3 KM ) 
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GMT (HOSRS) 

GEOCENTRIC DISTANCE ( lo3 KM i 
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GMT (HGUPj) 

GEOCENTRIC DISTANCE ( lo3 KM 
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B (Y) 

IO2 

- 1 I - - EXPLORER VI 

- PASS 41 
- 
- 29 AUGUST 1959 - 

----GI THEORETICAL 
- 

GEOCENTRIC DISTANCE ( lo3 KM ) 
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GMT (HOURS) 

(VI 

lo4 

lo3 

IO2 

0200 0400 0600 0000 
1 I 1 I 

EXPLORER VI 

PASS 43 

30 AUGUST 1959 

----GI THEORETICAL 

__G THEORETICAL 
A BLDIGITAL DATA 

GEOCENTRIC DISTANCE ( lo3 KM 
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(Y) 

lo4 

GEOCENTRIC DISTANCE ( lo3 KM 

-134- 

b - I 1 I I 1 

- 
EXPLORER VI 
PASS 45 
31 AUGUST 1959 

- 
- 
- 
- 
- ----GlTHEORETICAL 

__G THEORETICAL - A BI DIGITAL DATA 

- 



GMT (HOURS 

moo a20c 04;1 0600 0800 
I 1 1 I 

EXPLORER VI 

PASS 47 

I SEPTEMBER 1959 

to3 

I d  

----G, THEORETICAL 

-G THEORETICAL 
A BJ-DIGITAL DATA 

GEOCENTRIC DISTANCE ( lo3 KM ) 
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I Y )  

\ 
\ 

GEOCENTRIC DISTANC~ ( lo3 KM I 

-1 36- 



GMI .'-!OURS) 

B (Y) 

IO' 

IO' 

IO' 

I400 I600 I800 2000 2200 
I- - I 1 1 

EXPLORER VI 

PASS 50 

2 SEPTEMBER 1959 

----G1 THEORETICAL 
-G THEORETICAL 

0 8 1  ANALOG DATA 

(MANCHESTER) 
A B j  DIGITAL DATA 

, I  I I 1  I I 1 I 
I O  20 30 40 45 48.8 

GEOCENTRIC DISTANCE ( lo3 KM 
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GMT (HOURS) 

0200 0400 0600 0800 I mo 
I 1 I I I 

EXPLORER VI 

PASS 51 

3 SEPTEMBER 1959 

---&A THEORETICAL 

d THEORETICAL 

0 B i  ANALOG DATA 

(HAWAII) 

GEOCENTRIC DISTANCE ( lo3 KM ) 
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lo4 

- I 1 1 I I - - 
- - 

EXPLORER V I  

PASS 62 - 
9 SEPTEMBER 1959 

- - 
- 

- 

- - 
- - 

----GI THEORETICAL 

-G THEORETICAL 
- - 

A B i D l G l T A L  DATA 

1 - - - - - 

2300 01 00 0300 0500 0 700 

- 
- 
- 

- - 
- - 

lo3 - 
- 4 

- - 
- - 
- 

- 
- 

- - 
- - 

- - 

IO2 z - - - 
- - 
- 

- 
- 

- 
- 

- - 
- - 

- - 

I I 1 1  I , I  I i 1 
IO 20 30 40 45 48.8 



GMT (HOURS) 

to4 

to3 

IO2 

\ \ \ \ 

'\ 

'4 
'. 

GEOCENTRIC DISTANCE ( lo3 KM 
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DATA COMPENDIUM: 

PHASE ANGLE 
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Appendix 

Computation of E~ and @ - 

1. We assume t h a t  t h e  spacecraft ,  coordinates  are given ir! t$he non-rotat ing,  

ear th-centered  system (X, Y, Z). Z l i e s  along t h e  e a r s h ' s  r o t a t i o n  a x i s  and 

p o i n t s  n o r t h .  X and Y l i e  i n  t h e  geographic e q u a t o r i a l  plane wit.h X d i r e c t e d  

toward the  verna l  equinox We assume also t,haf t h e  cornponefits of s h e  f i e l d  

vec tor  ir, geographic coordipates  (B,, B 

and 

B6 , where r i s  t h e  r a d i a l  discance 
A' 

and 6 are geographic longi tude and l a t i t u d e )  are known. If B is Llle 

B and B can be derived from formulae given i n  Br' A' 6 geomagnetic f i e l d ,  

re fe rence  3 or 6. 

2 .  The  magnetic f i e l d  can be transformed i n t o  t h e  i n e r t i a l  re fe rence  frame: 

cos6 C O S €  - s ine  -s in6 COSE 

~ 0 . 5 6  s ine  COS€ -sin6 sine) (ii ) 
s in6  0 cos6 

where 6 i s  t h e  spacecr?ft. l a t i t u d e  

-1 Y and E is  tar. -- X '  

3. Let the T,kfce or+.hogonal axes of the spdcecrtift referertce frame be  

?f, f, f ,  where@ 15 d i r e c t e d  along t h e  s a t e l l i t e  s p i r  axis. We assume the  

c3mponer:ts of t h e  s p i n  axis ir. iner t . i a1  space ( Fx, 5 y: Ez) a r e  known, s i n c e  

t h e  d i r e c t i o n  of t h e  spir i  a x j s  i s  a n  ir ,ert , ial  invariaqt: Let  ŝ  b e  u n i t  

v e c t o r  i n  the  ear th-sun d i r e c t i o n .  The componer-ts S S,,, Sz, given ir, t h e  X' 1 

Thus, 
Z '  Nzut i c a l  EpLemeri s ( 7 ) ,  can be normalized t o  give s x' SY' 5 

e - c .  sX s -  
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[p] , transforms B 4. The matrix, By,, B i n t o  the  s a t e l l i t e  reference X' Z 

frame : 

where 

2 

(i: 
5 
J 

@Y 

sY 

n 

Z 
S 

and 

6 7 1  \ / 2  j ^ k \  

'These r e l a t i o n s  s t a t e  that. one coordinate coincides w i t h  t he  spin a x i s  

directlion, the second coordinate i s  orthogonal t o  t h e  sp in  ax i s  d i r ec t ion  ( i  . e ,  

it l i e s  i n  the equator ia l  plane of t he  s a t e l l i t e )  and the  sun-sa te l l i t , e  d i rec t ion ,  



5 .  The transverse component is 

and the phase angle is 

-1 *e # = t a n  B 
rl 
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